Abstract: p-Hydroxybenzoic acid (p-HOBA) was selected as the building block for s elf-assembly with five bas es, i.e., diethy lamine, tert-butylamine, cy clohexylamine, i midazole and pi perazine, and generation of t he correspon ding acid-base c omplexes 1-5. Cry stal structure analy ses suggest that proton --transfer from the carboxyl hydrogen to the nitrogen atom of the b ases can be observed in 1-4, while only in 5 does a solvent water molecule co-exist with p--HOBA and piperazine. With the presence of O-H⋅⋅⋅O hydrogen bonds in 1-4, the de protonated p-hydroxybenzoate anion s (p-HOBAA -) are si mply connected each other in a head-to-tail motif to form on e-dimensional (1D) array s, which are further extend ed to distinct two-dimensional (2D) (for 1 and 4) and three-dimensional (3D) (for 2 and 3 ) networks via N-H⋅⋅⋅O interactions. While in 5, neutral ac id and ba se are co mbined p air-wise by O-H ⋅⋅⋅N and N-H ⋅⋅⋅O bonds to for m a 1D tape and t hen the 1D tap es are seq uentially co mbined by water molecules to create a 3D network. Some interlayer or intralayer C-H⋅⋅⋅O, C-H⋅⋅⋅π an d π⋅⋅⋅π int eractions help to stabili ze the supra molecular buildi ngs. Melting point determination analyses indica te that the five acid-ba se co mplexes are n ot the ordinary superposition of t he reactant s an d they are more stable than the original reactants.
INTRODUCTION
Organic crystals built from acid-base complexes have received considerabl e attention in the predictable ass embly of supra molecular architectures. [1] [2] [3] [4] [5] [6] [7] One of the im portant way s is the use of self -organization of sm all molecules w ith N-H⋅⋅⋅O, O-H⋅⋅⋅O and other weak intermolecular interactions to create one-, two-, and three-dimensional (1D, 2D, and 3D) networks in crystalline solids. 8, 9 Recent
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[p-HOBAA -]⋅[protonated tert-butylamine] (2). p-HOBA (276 m g, 2.00 mmol) was dissolved in a mixture of w ater (10.0 mL) a nd ethanol (10.0 mL) with stirri ng and then tra nsferred into a straight glass tube. tert-Butylamine (0.21 mL, 2. 0 mmol) was carefully layered onto it. Colorless block crystals were observed on the tube wall after 3 days.
[
p-HOBAA -]⋅[protonated cyclohexylamine] (3).
The sa me procedure as for 1 wa s applied ex cept cyclohexylamine (0.23 mL, 2.0 mmol) wa s u sed inst ead of di ethylamine and colorless block crystals were obtained after 2 days.
p-HOBAA -]⋅[protonated imidazole] (4)
. p-HOBA (276 mg, 2.00 mmol) and imidazole (136 mg, 2.00 mm ol) were di ssolved in a mixture of water (10.0 mL) and ethanol (10.0 mL) under stirring. Upon slo w eva poration of the solvent s at ro om te mperature, colorless blo ck single crystals suitable for X-ray analysis were obtained after 4 days.
p-HOBA]⋅[piperazine]⋅[H 2 O] (5)
. p-HOBA ( 276 mg, 2.00 mmol) and pi perazine (172 mg, 2.00 mmol) were dissolved in a mixture of water (10.0 mL) and ethanol (10.0 mL) under stirring. Upon slow evaporation of the solve nts at roo m t emperature, colo rless block sin gle crystals suitable for X-ray analysis were obtained after 4 days.
Single-crystal X-ray diffraction studies
The diffraction data for 1-5 were collected on an Enraf-Nonius CAD-4 d iffractometer with graphit e-monochromated Mo Kα radi ation ( λ = 0.710 73 Å, T = 2 93 K ) i n th e ω-scan mode. The structures were solved by direct methods and refined by least squares on F2 using the SHELXTL 21 software package. All non-hydrogen atoms were anisotropically refined. The positions of the hy drogen atom were fixed geom etrically at calculated dist ances and allow ed to ride o n th e parent c arbon atoms. The molecular gra phics were plotted u sing S HELXTL. Atomic scattering factors and anomalous di spersion corrections w ere tak en from th e International Table s for X-ray Crystallograp hy. 22 Further detaile d infor mation of the cry stallographic data and structural analysis for 1-5 are listed in Table I . 
Preparation of compounds 1-5
Since p-HOBA is onl y slightly soluble in water but well soluble in ethanol, and the organic bases us ed in this work easily dissolve in ethanol, a mixture of water and eth anol was use d as the solven t, thus successfully giving the expected single-crystals. All cry stallizations of p-HOBA and different organic bases w ere carried out in a 1:1 ratio, considering the acid-base r eaction stoichiometric ratio. For preparation of 1, 2 and 3, since sel ected bas es o f diethy lamine, tert-butylamine and cy clohexylamine are all liquids with de nsities s maller than those of the m ixed H 2 O-C 2 H 5 OH solution, t hey were carefull y la yered onto the m ixed solvents. Three test tubes were used to facilitate the slow diffusion and desired single-crystals in all cases were obtained. For the preparation of 4 and 5, p-HOBA was mixed d irectly with equivalent ba ses of i midazole or piperazine in H 2 O--C 2 H 5 OH so lutions, which were allowed to evaporate at am bient condition to give the final crystalline products. 
Molecular and supramolecular structure of 1
The hydrogen bonds for 1 are listed in Table II , together with the hydrogen--bond information for 2-5. Some C-H⋅⋅⋅π and π⋅⋅⋅π interactions for 1-5 are listed in Table III.   TABLE II . Hydrogen bond lengths (Å) and angles (°) for compounds 1-5 (1) 2-x, -1/2+y, 1/2-z 2.6209 163.31 C(3)-H(3A)···O (3) 1-x, 1/2+y, 1/2-z 3.2161 130.00 
a Cg denotes a center of an aro matic ring; in 1, 2 and 3; b Cg(1) denotes the pheny l ring; in 4, imidazole ring; c Cg(2) denotes the phenyl ring
As depicted in Fig. 1a , the p-HOBA molecule has donated its carbox yl proton to the amino-nitrogen atom of diethy lamine, resulting in m olecule 1 consisting of a p-HOBAA -and a protonated diethylamine cation. The unit cell of 1 contains eight p-HOBAA -s and eight protonated dieth ylamine cations, which are connected together through hydrogen bonds and the electrostatic effect. After deprotonation, the two carbo xyl C-O bond lengths in p-HOBAA -beco me si milar (C(7)-O(2) 1.253(3) an d C(7) -O(3) 1.264(3) Å) as opposed to the C -O bond lengths (1.322(2) and 1.2 28(2) Å) in an independent p-HOBA molecule, 23 indicating that the conjugative effect becomes stronger among the O(2), C(7) and O(3) atoms. This situation can also be found in 2-4. In p-HOBAA -, the ato ms O (1) and C(7) tog ether with the phen yl ring define a plane P1. In the dieth ylamine cation, the atoms N(1), C(8), C(9) and C(10) define another plane P2. The dihedral angle between P1 and P2 is 78.0 1°. Throug h strong O(1) -H(2)⋅⋅⋅O(3) h ydrogen bonds (see Table II for details), the p-HOBAA -molecules are connected to each other wi th a head-to-tail motif and thus, a zigzag 1D chain is formed, run-ning alo ng t he a-axis direction (Figs. 1b and 1c) . Betwe en two adjacent 1D chains, a rep eating unit exists which is co mposed of two pairs of p-HOBAAmolecules, which arrange in a parallel a nd antiparallel orientation, with the center-to-center distances between two p arallel phenyl rings being 11.843 and 13.9 47 Å, respectively. The two non-parallel phenyl rings are almost perpendicular, with the dihedral angle being 89.23°. At each pair of inflexion points between t wo adjacent 1D chains, two p-HOBAA -molecules are held together by two diethylamine cation s via N(1) -H(4)⋅⋅⋅O (2) , N(1) -H(4)⋅⋅⋅O (3) and N(1)-H(10)⋅⋅⋅O (2) bonds (see Table II for details). As a result, a 2D network is formed, as depicted in Fig. 1b . T hese 2D undulated array s (Fig. 1c ) ar e further st abilized by four types of interlayer C-H⋅⋅⋅π interactions (see Table III for details). 
Molecular and supramolecular structure of 2
Just as in co mpound 1, p-HOBA m olecule in 2 also transfers its carboxy l proton t o the am ino-nitrogen atom of tert-butylamine, resulting in m olecule 2 consisting of a p-HOBAA -and a proton ated tert-butylamine cation (Fig. 2a) . A unit cell of 2 contains fou r pairs of p-HOBAA -an d protonated tert-butylamine cation which connected together through hydrogen bonds and electrostatic effect. Similar to 1, compound 2 also possesses abounding strong N -H⋅⋅⋅O and O-H⋅⋅⋅O hydrogen bo nds. Primarily , the molecular assemb ly am ong p-HOBAA -occ urs through O(3)-H(3B)⋅⋅⋅O(1) interactions, resulting in a zigzag 1D chain structure. Such a 1D chain runs along the b-axis with the p-HOBAA -moieties arranging in a head-to-tail m otif (Fig. 2b) . Between tw o contiguous 1D a rrays, being sim ilar to that in 1, a repeating unit is found containing two pairs of p-HOBAA -, which arrange in a parallel and antiparallel or ientation (Fi g. 2b) , wit h the center-tocenter dis tances bet ween two parallel phenyl rings being 8.666 and 15.746Å , respectively. The dihedral angle between two non-parallel phenyl rings is 81.64°. Then, these 1D chains are linked together by protonated tert-butylamine cations via N(1)-H(1)⋅⋅⋅O (2) and N(1)-H(2)⋅⋅⋅O(2) interactions (Table II) . As depicted in Fig. 2b , two protonated tert-butylamine cations co mbine two p-HOBAA -molecules together at e ach pair of inflexion points between two adjac ent 1D chain s and thus, a 2D h ydrogen-bonded net i s given in the bc plane. Further analy sis shows that t hese 2D lay ers adopt a parallel stack along t he a-axis via N(1)--H(3)⋅⋅⋅O (1) and finally create a 3D supramolecular architecture (Figs. 2c an d 2d), which is distinct from that of 1. In addition, interlayer C(3)-H(3A)⋅⋅⋅O (3) and intra-lay er C(9)-H (9B)⋅⋅⋅Cg(1) (Cg(1) denote s pheny l ring) (see Table II and Table III for details) forces also help to stabilize the whole supram olecular system.
Molecular and supramolecular structure of 3
Compound 3 com prises a p-HOBAA -and a protonated cy clohexylamine cation (Fig. 3a) . The unit cell of 3 contains four pairs of p-HOBAA -and a protonated cyclohexylamine c ation. Th e supramolecular constru ctions in 3 ar e very similar to those in 2. Firstly, through O(3)-H(3A)⋅⋅⋅O (1) interactions, a zigzag 1D chain along the b-axis direction is formed of p-HOBAA -molecules in a head-to--tail fashion (Fig. 3b) , and in the tw o neighborin g 1D chains, two pairs of p--HOBAA -molecules array m utually paralle l but reversed (Fig. 3b) . Then, via N(1)-H(2)⋅⋅⋅O (2) and N(1)-H(3)⋅⋅⋅O(2) interactions, protonated cyclohexylamine cations join these 1D chains together at each pair of inflexion points to m ake a 2D layer network in the bc plane (Fig. 3b) , with two protonated cyclohexylamine cations connecting two p-HOBAA -anions. Ultimately, the 2D layers stack along the a-axis via N(1)-H(1) ⋅⋅⋅O(1) interactions to gene rate a 3D supram olecular architecture (Fig. 3c) . However, opposed to 2, in 3, C(9)-H(9A) ⋅⋅⋅O (3) forces exist in the s ame 2D lay er, while C(14)-H(14B) ⋅⋅⋅Cg(1) (see Table III ) interactions are observed between neighbori ng 2D layers, both of which stabilize th e supramolecular structure of 3. In addition, in the co ntiguous 1D chains of 3, the center-to-center distances between two pairs of paral lel pheny l rings are 10.537 and 15.833 Å, respectively , both of whi ch are larger than the corresponding values in 2. Th e dihedral angle between two non-parallel phen yl ri ngs is 46.2 3°, which is also different from that in 2. These distinctions may be ascribed to t he volume of th e protonated cyclohexylamine cation being larger than that of t he protonated tert-butylamine cation. (1) interactions between p--HOBAA -molecules with a head-to-tail m otif (Fig. 4b) . However, between the two neighboring 1D chains, as the repe at unit, two p airs of parallel p-HOBAA -s array in the s ame directio n (Fig. 4b) , r espectively, which is a significant difference fro m t hose in 1, 2 and 3. In ad dition, for th e repeat unit, both center-t o--center distances betw een two pairs of parallel pheny l rings are the sa me and equal to 9.616 Å, and the dihedral angle between two non-parallel phenyl rings is 46.23°, which are also distinct to those in 1, 2, and 3. As a conse quence, when the 1D ch ains are held tog ether by prot onated imid azole cations through N(1)--H(1B)⋅⋅⋅O (1) (see Table II ), a diverse 2D network is produced. In the 2D net, each inflexion point of each 1D chain connects with a pair of protonated imidazole cations and this pair of protonated imidazole cations couple with two infl exion p oints of another adjacent 1D chain sy nchronously. Further inspection of the lattice arr angement reveals that both C-H ⋅⋅⋅O and face-to-face interactions stabilize the supramolecular architectu re. Among them, C(9)-H(9A)⋅⋅⋅O (3) is i ntralayered, while C(10)--H(10A)⋅⋅⋅O (2) joins the interlay er acid and base co mponents. Two types of π⋅⋅⋅π stackings between phen yl ring-to-phenyl ring and phenyl ring-toimidazole ring (see Table III for details) are also interlayer interactions. In view of the 2D structure of 4 being different from those of 1-3, one can find that the organic base of imidazole in 4 has two important structural chara cteristics disti nct from those of the organic bases used in 1-3. One is that it is a rigid aromatic base and the other that it has two nitrogen atoms, which means that each protonated im idazole cation can form hydrogen bonds from two dif- ferent directions of the molecule. On the contrary , in 1-3, the organic bases a re not rigid aromatic bases and they have only one nitrogen atom. It is possible that these two significant features of im idazole finally produce the uni que 2D supramolecular building of 4.
Molecular and supramolecular structure of 5
Opposed to 1-4, co-crystallization of piperazine with p-HOBA y ields the neutral molecular co-cry stal 5, in which p-HOBA does not transfer its carboxy l hydrogen atom to the pipe razine molecule (Fig. 5a ). Additionally, a lattice water solvent molecule is observed in 5; hence compound 5 is built up of a p-HOBA, a piperazine and a water molecule. The unit cell contains four p-HOBA, two piperazine and fo ur water molecules. In e ach p-HOBA, the bond dis tances of C-O are 1.259(3) and 1.273( 2) Å, respectively, which are also different fro m those in an independe nt p-HOBA m olecule. 23 As for the supram olecular buildi ng of 5, first, each pi perazine acts as a hy drogen-bonding connector, joining four p--HOBA subunits via strong pair-wise O(2)-H(1)⋅⋅⋅N (1) and N(1)-H(1B) ⋅⋅⋅O (3) bonds (see Table II for details) and two p-HOBA m olecules a re linked to two piperazine molecules. Thus, a tape-like 1D supramolecular motif is form ed, running along the a-axis direction, as shown in Fig. 5b . Then, each w ater molecule acts as a 3-connector to link with three p-HOBA molecules through O(1)--H(2)⋅⋅⋅O(1W), O(1W)-H(3)⋅⋅⋅O(2) and O(1W)-H(4)⋅⋅⋅O(3), which results in the 1D tapes being com bined and a 3D hydrogen-bonding network being finall y formed (Fig. 5c) . Within the 3D networ k, an i ntermolecular C(8)-H(8B)⋅⋅⋅Cg (2) force is observed, which aids in the stabilization of the whole crystal structure.
Melting point of compounds 1-5
The m elting point of p-HOBA is 213 °C. Of the five bases stu died here, diethylamine, tert-butylamine and cy clohexylamine are all liquids and the melting points of imidazole and piperazine are 90 and 106 °C, respectively. The experimentally determined melting points for 1-5 are 215, 260, 220, 224 and 235 °C, respectively. It is evident t hat all the com pounds 1-5 have higher melting points than their corresponding reactants, which may be because the hydr ogen-bond types and numbers in 1-5 are greater than those in the corresponding reactants. For instance, the N-H⋅⋅⋅O hydrogen bond exists universally in 1-5, while it cannot be found in any of the reactan ts used in thi s study. On t he other hand, com parisons of the strength of the hydr ogen bonds and the C-H ⋅⋅⋅O, C-H⋅⋅⋅π and π⋅⋅⋅π interactions (given in Tables II and III) and the melting points suggest that the melting points of the co mplexes are influenced not onl y b y hydrogen b onds and other interactions. For instance, for 2, 3 and 5, altho ugh they all have four h ydrogen bonds and one C-H⋅⋅⋅π interaction, and the distance C⋅⋅⋅Cg in 2 of 4.095Å is the longest, the three of them have different melting points and the melting point of 2 is the highest. The maximum supram olecular nu mber of interactions, includin g six hydrogen bonds and three other interactions, exist in 4, but the melting point of 4 is not t he highest of the five com plexes. Co mpound 1 contains four h ydrogen bonds and four ot her interactions, which is more than in c ompounds 2, 3 and 5, however, its melting point is the lowest. Most im portant, the higher m elting points suggest that compounds 1-5 are not t he ordinary superposition of the reactants and that the y be came new materials differ ent from the original reactants, and that they are more stable than the rea ctants, which might be useful information for further investigations on the s ynthesis of new pat tern function al materials. 
CONCLUSIONS
Five acid-base co mplexes were sy nthesized using p-hydroxybenzoic acid (p-HOBA) as the buildi ng block, whi ch form 2D and 3D net works throug h hydrogen bo nds and C-H ⋅⋅⋅O, C-H ⋅⋅⋅π and π⋅⋅⋅π interactions. Determ ination of their melting poin ts showed that the fi ve com pounds are more stable than the ir respective reactants, that t hey are not the ordinary superposition of the reacta nts and that they became new materials different from the original reactants. 
